THE SENECIO ALKALOIDS

The correlation of structures with particular

reference to senecic acid and its isomers,

By

\$(\
Giovanni Parazzi, B.Sc. (Gen.Hon§<$;%ndon.

Q)

A thesis presented to The U g;éLty of Cape Town
in partial fulfilment of hg>requirements for the

degree of Master of Sii

Departmeﬁgsg} Chemistry,

University of Cape Town,
C.S.I.R. Natural Products Research Unit,

CAPE_TOWN.

Prveetitacier S Lo



QO

The copyright of this thesis vests in @@ author. No
quotation from it or information derived:from it is to be
published without full acknowledg nt of the source.
The thesis is to be used fo ivate study or non-
commercial research purposes ém :

Published by the Universjg‘l%r Cape Town (UCT) in terms
of the non-exclusive Kd\se granted to UCT by the author.

&
Nl



ACKNOWLEDGEMENTS

The author wishes to express his sincere

thanks to:—

Professor F. L. Warren for his invaluable

guidance and encouragement in this work.
Mrs, G, Y. Merchant for the micro-analysis.

Mrs. J. Oates for typing and stencilling

the formulae in this thesis.

The C. S. I. R. for their reésearch grant which

made this work possible.



CONTENTS

Page

SUM—PL:\RY L ) LI 3 * @ - o LN 4 (il\'
INTRODUCTION .o .o .o . 1,
a) The alkaloid structure .o . 1.
b) The C,p adipic or "necic" acids .o 1.
c) Attempts to correlate the stereo-

chemistry of the acids .o .o 2,
DISCUSSION .o .o oo .o 10,
a) Present studies .o . .o 10.
b) Conclusion .o .o .o .o 23,
EXPERIMENTAL .o o ve .o 28,
1) Extraction of retrorsine from

SeneC '.LO _I_S‘E_i,ti.deus L * e e 28¢
2) Hydroiysts of retrorsine o .o 29.
3) Preparation of sodium isatinecate

from barium isatinecate .s oo 29,
4) Methylation of sodium isatinecate

with methyl iodide - .o 29
5) Preparation of dimethyl isatinecate

using silver isatinecate and methyl

i.Odi.de a0 * @ . o e 300
6) Trans-esterification of retrorsine

using methyl alcohol .o . 31.
7) Oxidation of dimethyl isatinecate

using sodium periodate .o .o 32,

8) Reaction of oxidised dimethyl isatinecate
with methyl magnesium ilodide .o 32,



Page

9) Chromatography of the above mixture 33,

10)  Preparation of barium senecate from
dimethyl senecate o oo .o 35,

11) Hydrolysis of barium senecate .o 35.

12)  Sublimation of senecic acid and isomers 36.

13) Oxidation of senecic acid and isomers
with lead tetra-acetate .o - 36,

14) Alcoholic potassium hydroxide hydrolysis

of retrorsine .e . . 38,
15) Isolation of the retronecic actd .. 38
16) Oxidation of retronecic aicd .. .. 38.
17) Reaction of oxidised retronecic acid
with methyl magnesium iodide - 39.
18)  Oxidation of retrorsine .o e 41,
19) Reaction of cyclic keto ester with
methyl magnesium todide .e .o 41
20) Chromatography of the above reaction 42,
21 The Grignard apparatus .o .o 44,
APPENDIX I, .o .o .. .. .. 46.
APPENDIX II. o oo o .o oo 47.
APPENDIX III, oo - L e oo o 48,
APPENDIX 1V, e e . .. o 49,
APPENDIX V, .o oo .o o oa 50,

BIBLIOGRAPHY e oo .o .o . 51,



(1)

SUMMARY

Senecic and integerrinecic acid have been
assigned structures (A) and (B) on the basis of

degradation reactions and X-ray studies.

H CH3 H COOH OH CH3 CH3 ﬁ COOH OH
\ / ‘ "’ I ‘ :' ‘ /’
CH§-C C——C H—C C C

N/ \ N

C-CH2 CH3 C~——CH2 CH3

HOCC HCOC
(A) (B)
Senecic acid Integerrinecic acid

Two isomers arise; namely; platynecic and
usaramoensenecic acid and are reported in the lLiterature.
Their structure as isomers of (A) and (B) have been

speculated,

This thesis is concerned with a study of the
isomers of (A) and (B) and leads to the concluston
that platynecic and usaramoensenecic acid do not

exist and are probably mixtures,



(LL)

The procedure for this study involved the

oxtdation of tsatinecic (C) and retronecic (D) acids
and of their esters to the keto derivative (E) and
a Grignard reaction to give (F) which can be one

of the isomers of (A) and (B).

CH3.CH.-.—.<IZ.CH2.CH(CH3 ).C(OH) .CH, CH3.CH=C’T.CH2 .CH(CH3 ) f (OH).CHZ. OH
COOH COOH COOCH, COOCH,
(A) cis form (C) cis form
(B) trans form ‘ (D) trans form

CH.,.CH=C.CH,.CH(CH,).C(CH).CH
3 | 2 3 } 3 e keto acid
COOH COOH e

(F) (E)
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INTRODUCTION

a) The alkaloid structure,

The Senecio alkaloids, in general, comprise a group
of basic substances which have a methyl-pyrrolizidine
nucleus with one or more hydroxyl groupings esterified
by organic acids. The acids are obtained from the
alkalold by hydrolysis or hydrogenolysis and can be
classified into three groups, i. e. : (1) C,o adipic or

"riecic™ acids.
(2) Glutaric acids.
(3) C, acids.

Bb) The C,. adipic or "necic" acids.

10

The '"necic" acids are terpeniz acids, as was originally
suggested by Barger in 1936 and later proved by Kropman
and Warren(l) who also showed that four of these acids

had the same irregular isopreme skeleton:

<
4 ,
cffc—ci*-c—c-cir-c (1)
\ | (o C

The general formula for these four acids is.as’

follows :~

CH

3—CH_—C"-CH2-CH(CH3)-C'."(OH).CH2X’ (11)

COOH COOH



where X = OH in Isatinecic acid (cis)

Retronecic acid (trans)

H 4in Senecic acid (cis)

bt
]

Integerrinecic acid (trans)

Two more acids have also been claimed to have the
same general structure and formula as senecic acid:

(2) (3),

usaramoensenecic and platynecic acid
These latter acids have not been re-isolated and
were not reported in the synthesis of senecic acid carried

(4).

out by Culvenor and Geissman A study of the formula
(I11) shows that there are two asymmetric carbon centres
and a pair of double bonds within the same carbon skeleton
and this can give rise to eight isomers., The author

has accordingly attempted to correlate the stereo-chemical

relationship of these acids containing this uniform

structure.

¢) Attempts to correlate the stereo-chemistry of these

acids.
Isatinecic and retronecic acids were shown by Christie,

(5) .

Kropman and Warren to be ¢is~ and trans=-=1:2-dihydroxy-
3-methylhept-5~ene=-2 :5~dicarboxylic acids respectively,
with the geometric isomerism about the double bond giving

rise to the two acids.



Senecic acid, which occurs in a number of alkalolds

as shown on Table I, was analysed by Kropman and Warren(6)
who showed that it was a 2-hydroxy-3-methyl-5-ene-2:5-,

dicarboxylic acid, The lactone of senecic acid, as

(7)

demonstrated by Kropman and Warren , gave the trans-

senecic acid which was identified as integerrinecic acid

(8)

obtained by Manske The geometrical isomerisin of
senecic acid and integerrinecic acid thus parallels that

found for isatinecic and retronecic acids.

Table 1, Occurences of Senecic acid.

Alkaloild Base Acid Ref,

Platyphylline Platynecine Senecic or 25 26

Platynecic acid| 3

Rosmarinine Rosmarinecine Senecic acid 27 28
Renardine Otonecine Senecic acid 29
Senecionine Retronecine Seneéic acld 30 31
Sénkirkine ? Senecic acid 32
lLactone
Neoplatyphylline | Platynecine Isomers of 33

Senecic acid

(4)

Culvenor and Geissman synthesized integerrinecic

and senecic acid as shown on Chart I, and in dolng so
showed the absolute geometry of the compounds in the light

(9).

of X-ray studies recently performed by Fridrichson

3.
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Further studies of these "necic acids" have shown

that in the U.V. spectra not only was/& for the cis

max.
form (215 mu) less than that of the trans acid (218 mu),

but the E max of the former was approximately half that

of the latter,
Degradation of isatinecic acid and senecic acid to

(10)

(+)-methyl-succinic actid established the configuration
of the asymmetric carbon C(3). The fact that lactone
formation does not involve C(3) led Adams to conclude that
this asymmetric carbon atom in retronecic and integerri-

necic acids also remained unchanged. Further evidence

of this was shown by the dilactone of hygrophyllinec'.c

(11)

acid discovered by Richardson, Warren and SchLosser(lz)
which has the same carbon skeleton as senecic acid and
here again the C3 is not affected during lactonizatioc:,

Usaramoens’ necic acid from the Crotolaria alkaloid

(13)

discovered by Adams and van Duuren was found to be
isomeric with senecic and integerrinecic acid and like
senecic acid gave integerrinecic acid lactone. U.V. studiec
on the acid showed a maximum absorption at 215 M which
was similar to that of senecic acid for which the cis
configuration was assigned.

Since senecic, integerrinecic and usaramoens-necic

acids give the same lactone, i. &. integerrinecic acid

lactone, Adams concluded that the isomerism is not associatcd



with the asymmetry at C(3) but more probably with the
C(z). Hence Adams and co-workers showed that structure
(11) (page 1.) can exist in three stecreoisomeric forms
which can be written showing the absolute configuration at
C(3) (proved by formation of (+)-methyl-succinic acid).
Another acid found by Danilova and KonoLOVa(3) called
platynecic acid (obtained by alkalinc hydrolysis of the
alkalold platyphylline) has shown to be isomeric with
senecic acid and lactonized to integerrinecic acid lactone
and has been clained to be the fourth member of this group.

(13)

Adams and co-workers suggested that since senecic

and usaramoenstnecic acids are both ¢is and both undergo

a change in configuration at the double bond to give the

stable trans form of the lactone on treatment with the acid

or alkali, it was suggested that the difference between

the two acids must be due to the configuration at C(Z)'
Furthermore Adams stated that in integerrinecic acid

the C(Z) will have its hydroxyl group cis to the lactonizing

carboxyl since the acid and the lactone are interconvertable.

In the other two acids the hydroxyl of the C(Z) may be

cis or trans with inversion taking place in one of these

aclds during lactonization, The author regards these

terms cis and trans as very misleading and proposes to

name the acids using the absolute configuration method

according to Cahn, Ingold and PreLog(14).



The structure of the acids as given by Adams is shown

in Chart 11, Hence, the work of Adams and van Duuren

seems to be the only mentibn of the asymmetry at C(z)

since it was necessary to use it to explain the relationship

of usaramoensenecic, senecic, and integerrinecic acid.



CH CH
3 2
N/
C::Ck\ v
H COCH

'OLd nomenclature

New nomenclature

8.

OH COCH

trans-cis-integerrinecic acid

:  trans{2R,3R] integerrinecic acid

CHy H
CH, CH, \-C' OH
‘\c c/ \\d’
/ N
H COCH CH3 : COCH
O.N, trans,trans~platynecic acid
N. N, trans [28,3@] platynecic acid ¥
Cﬁ&i ’}{
rd
H CH c- CH
2 13
/ K
Ne=c i>c
CH/3 COOCH OH \COOH
0. N, .cis,transasenecic acid
N. N, cis [?R,3é] senecic actd *



9.

Y S
H  CH, ¢’ oH
N ! N
CH;  COOH  CH, COOH

O.N. : cis,cis usaramoensenecic acid

N.N. : cis [?S,3Rj usaramoensenecic acid *

Chart II. - The Structural Relationship of Integerri-
necic, Platynecic and Usaramoen-

senecic acids.

% The term cis and trans refers to angelic and
tiglic acid nomenclature and has been retained.
It is acknowledged that the I.U.P.A.C, rules

would dictate the interchange of these terms

cis and trans.
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DISCUSSION,

ey

a) Present'Stques.

No attempt has yet been made to confirm that the
aclds shown in Chart II differ at the C(z) centre,

The author has set out to do this by converting
isatinectic acid (cis) to senecic (cig) since the
absolute configurations at C(S) in isatinecic acld and
senecic acid are known to be the same.

The investigation had as its objective the
conversion not only to senecic acid but also the

>
synthesis and structure of usaramcensenecic and
platynecic acid,

The conversion was performed, as shown in Chart
III, by oxidation of dimethyl isatinecate (III)
followed by a Grignard reaction on the resulting keto
acid (IV) producing dimethyl sinecate and its isomers
(V) and the final hydrolysis to yleld a mixture of
senecic acid and its isomers (VI).

The esters of the acid were used because the
author wished to keep thé reaction product in solution
during the Grignard reaction since it was feared that
the magnesium salt of the acid would be insoluble.

'ALthough the Grignard addition should have been

stereochemically directed there should be a small



{ =C.C ] : H..0H
CL3.CH,?.CH2.CB(CH3).?(OH).CJZ.OI

COOCH3 COOCH3

' NalO4

A4

CHz.CH=?.CH2.C}KCH3).?:O
COCH; COCCH,

Grignard

¥
CH3.CH=cl:.CHZ.CH(CHB).?(OH).CH3

COOCH3 COCCH3

' Hydrolysié

W
CH CH:C.CHZ.CH(CH_).C(OH).CH7
*, S i S

COCH COCH

(111)

(1v)

)

(vi)

Chart 111, = Conversion of Isatinecic Acid to Seneclc

Acid,
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quantity of the second acid formed, that is its

diastereoisomer.,

The initial problem was to find a method which
would give a good yield of dimethyl isatinecate, as
shown in Chart IV, (VII; R = CH;) since the known
method according to Reimer and Downes(ls), where a
trans-esterification starting with retrorsine (VIII)
i{s done directly on the alkaloid with methyl alcohol,

only gives a 60% yield.

CH3.CH£?.CH2.CH(CH3).$(OH),CHZ.OH
COOR COOR
(vii)
CH3.CH=$.CH2CH(CH3).?(OH).CHZQOH
Co 0-CO
CH,
(VIII)
N

Chart 1V, ~ The Preparation of Dimethyl Isatinecate.



13,

Hence sodium isatinecate (VII; R = Na) was
. methylated with methyl iodide; but the yield was low
approximating to 10%. Attempts to use silver isatinecate
(VII; R = Ag), formed from barium isatinecate and silver
nitrate, had to be carried out in the dark and methylation
using methyl iodide gave an oily product which did not
have a definite boiling point. In fact thin layer
chromatography reve~led a mixtukz of of six compounds,
some of the latter probabLy being decomposition
products brought about by silver oxide. The author
eventually used the Reiner and Downes trans-esteri-
fication method: (VII) —(VII; R = CH3).

The freshly prepared dimethyl isatinecate was
treated with sodium periodate in an aliquot mtkture
of water and dioxan. This oxidation was instantaneous
and quantitative; but the newly formed keto-ester
had to be extracted within four minutes. Experiments
showed that decomposition took place after four mirutes
and after eight mirutes only a 70% yield could be
obtained, but this remained constant even after three
hours. The keto-ester was obtained as an optically
active oll indicatiof that no racemisation had yet
taken place,

The Grignard reaction which followed was

performed using the apparatus shown on Fig. I, page 44



1.&
i
~e

The Grignard reagent was first prepared and added
to an etheral solution of keto-ester, in order
to avoid excess of the Grignard reagent being present
at any time during the reaction, This procedure
was adopted to avold excess reagent acting on the
ester groupings. |

Thin layer chromatography of the product produced
four spots., The mixture was separated by column
chromatography using neutral alumina and one of the
four bands ylelded a colourless optically inactive
oil which was dimethyl senecate and its isomers,

Crystallisation from benzene yielded crystals
which did not have a definite melting point and were
optically inactive. The mixture of isomers could
not be separated with thin layer or paper chromatography.
With paper chromatography a variety of systems were
used but all resulted in streaks being produced.
Slow sublimation under reduced pressure effected
no separation as shown by the infra-red spectrum:
that of the sublimed product.was identical with that
of the residue as shown on appendix I, page 46.

The mixture was then oxidised with lead tetra-
acetate to form a new oily optically inactive keto
acid, as shown on Chart V, (X). This oxidation was

(16)

first carried out by Warren and Kropman on senecic



(4)

acid and later by Culvenor and Gelssman during their

synthesis of senecic and integerrinecic acids.,

CH3 H
X /
c
H
C OH
|
HOCC CHé.?H.C.COOH
{
CH3CH3

Pb(OAC)4
CH3 H
N/
C
{
C
PN
HOOC CHZ.CH.CO.CH3
|
CH3

cis(4)-keto acid

j o~

4
trans(+)-keto acid

Chart V. = The Lead Tetra-acetate Oxidation of

Senecic Acid,

15,
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The 2,4-dinitrophenylhydrazine derivative of
this compound had a lower melting point than that
quoted by Culvenor and Getssman(4). This led
the author to suspect that some of the trans form
of thé keto acid might have been present, To test
this assumption the keto acid was then converted to
the trans form by treating it with concentrated
hydrochloric acid when crystals of the trans keto
acid, m. p., 47 - SOO, were obtained whose
2 ,4-dinitrophenylhydrazine derivative, m. p. 1450,
had the same melting point as the trans derivative,
Me Po 1450, reported by Culvenor and Getssman(4).
Hence the original possibility was confirmed, namely
that a mixture of cis and trans dlL and d'L' of the
acids had been obtained during conversion.

These results clearly demonstrated that Cram's
ruLe(17) cannot be applied directly to predict the
configuration of the resulting product because
had Cram's rule been applicable then, as shown on
Chart VI, oxidised dimethyl isatinecate (XI) should
have given (+)-dimethyl senecate (XII) on reacting

with methyl magnesium iodidc.
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CH JH 0 CH H CH LCH
X ./ 3 A
C—C > C C
L~ \ ’ //,/ , |
COOCH COCCH
3 3
(X1) (X11)
Chart VI, =~ Grignard Reacticn on Dimethyl Isatinecate

It is also of interest that the oxidation of senecic
acid (XIIIa) carried out by Schlosser(18), as shown
on Chart VII, to the keto acid (XIV) and the addition
of hydrogen cyanide to give (XVI) followed by
hYdroLysis gave integerrinecic acid (XIIIb) which is
contrary to Cram's rule which would predict {XV).

It is difficuli to understand the stereospecific
addition to (XIV) not following Cram' rule. The
addition of the Grignard reagent, however, to oxidised
dimethyl isatinecate (XI) gave a mixture of products
which could well have been resulted from racemisstion
and the more rendom addition of the carbonyl carbon.

It is of significance that feor his investigaticns
Cram(17) deliberately chose 2 system containing no groups
on C(l) capable of giliving complexes with the reagent
anoLved in the production of asymmetry at C(Z)' In
the presence of such a group; e. g2., in the aluminium

alkoxide reduction of Ar.CO(NHR).CHZ.OH, the steric



CH, H | H CHy
\3, | E
¢ . CH; H O0OH _OH - CH; HCQOH OH
=L N\ I N N
C C - C - C C——¢C
/ \CH/ : CH Hooc/ \CH - : \CH
Senecic acid = (XIIIa) Integerrinecic acid - (XIIIb)
CH, H 4 CH, H CN ,OH
\ Cl' C‘/ \ \C/ \C/
v AN S N
R CH, R® CHj
(X1Vv) (xv1)
Y
CH, H CH CN C{3 H OH  COOH
>c’ ' ci N /c' c\ )
R” . © CH:,?\ R CHy
. (X1va) (Xv)

’-Chart ViI; - Possible modés of addition to the methyl-
- ketone ester obtained from the oxidation of
dimethyl senecate: according to _Crbam's Rule,
(XIV)—> (XIVa) —>(XV); according to experiment,
(XIV)— (Xv1) — (XIIIb), |




course of the reaction appears to be determined by
the free terminalt hydroxyl group.

In the example under discussicn we undoubtedly
have the keto group flanked on both sides with steric

controlling groups, as shown on (XVII).

CH, H 0O
-~ A
c——c CHa
e N o
R Comma=t() (xv11)
1

Another attempt was carried out, this time on
the acid alone, with the hope that the absence of the
methyl esfer groups would produce a more significant
result,

Retronecic acid, obtained by the alconholic

9)

potassium hydroxide hydrolysis(I method from
retrorsine was was oxidised with sodium periodate to
yield the (+)-keto acid as an oily product. The
reacticn was carried cut in acidic conditions since
racemisation took place within minutes at pH 12 or

13 to produce an optically Llnactive mixture. At

pH 1 no racemisation took ptace. The (+)~keto acid

19,



20,

was reacted with methyl-magnesium Lodee to prcduce
a gum, which after a considerable amount of difficulty
formed fine white needle itike crystals of inte-
gerrinecic acid., The infra-red spectrum of these
crystals was {dentical with that of integerrinecic
acid from senecic acid lactone, as shown in Appendix II,‘
page 47. |

The mother liquors, from which the integerrinecic
acid had been separated, could not be induced to
¢rystallize and remained as a clear oil, analysing
to that expected for the Grignard reaction product,

< 0

10H16 5°

The investigation on the acids'reported above
parallels work carried out by Mattocks(zo) in these
laboratories: the oxidation of retrorsine to the
cvcliic keto-ester and the Grignard reaction on this
preduct, The resulting compound was either the
expected seneclionine or isosenecionine according to
the experimental conditions, Senecionine and
isosenectonine were shown to be the retronecine esters
of (+)-senecic and (~)~-senecic acids.
The ylelds obtained by Mattocks were small and

a considerable amount of material remained unreselved.

In view of the experiments with the acids themselves



it was envisaged that the residual material might
be a source of the platynecic and/or usaramoensenecic
acids. Hence the author repeated the above experiments
and it was observed that during the Grignard reaction
a yellowish insoluble resin was also formed, The
gum obtained at the end of the experiment was dissolved
in some ethyl acetate and passed through a column.
Senecione was obtained but no other zlkalold. Hence
the development of the resin was responsible for
Mattock's low yield and not, as was hoped, the formstion
of new alkaloids,

While the above experiments were in progress
Mattocks(21) reported that he had extended th
studies, started in these laboratories, (see below)
to include the oxidation and Grignard reaction on
isatinecic acid. He oxidised isatinecic acid with
sodium metaperiodate, under acidic conditions,; to
form the (~)-keto acid. This was followed by a
Grignard reaction and rather unexpectedly the ()
diastereoisomer (XI1X) of senecic acid (XVIII) was
obtained as the main product, as shown on Chart IX,
The new diastereoisomer has been called diasenecic
acid. (see Appendix III, page 48).

Diasenecic acld was oxidised with lead tetra-

acetate and it gave the same keto acid (X) as the



Isatinecic

22.,

acid

Nal

O4

(-)-keto actid

Gri

gnard

CH,.CH CH, H
“ \c" COOH
0 oc/ \CH — \C/'
2 ya Xt
CH,

Senecic acid.

4(xv11’1)

Chart IX. - The Formation of

CH,CH CH, H '
S ™/ CooH

co c

Hooe = \CH/ N¢

2 .
/ \CH3
OH‘ o
Diasenecic acid,

(X1X)

Senecic and Dlasenecic Acids.
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one obtained by\? similar oxidation on senecic acid
(see Chart V ). Hence the two acids have the same
configuration at C(3). Furthermore, U, V., studies
performed by the author on diasenecic acid showed
that the tatter has a c¢is configurat{on which is the
same as senecic acld. This means that the senecic
and diasenecic acids differ only at C(z) as shown
by formulae (XVIII) and (XIX) on Chart IX.

Racemic diasenecic acid together with senecic
acld has also been recently synthesized by Edwards

et at®?),

b) Conclusion.

As has been shown above the properties of
diasenecic acid do neot correspond to those of usara-
moensenecic acid, Thus, the latter cannot be a
stereoisomer of senecic actid, The author is convinced
that usaramoensenecic acid does not exist at all.
Furthermore, Culvenor and Smith<23) recently carried
out a re~investigation on the alksloids of (. usara-~
moensis. This plant was found to contain usaramine
together with integerrimine, senecionine and retrorsine,
but no usaramoensine, They suggest that the latter
was a mixture of integerrimine, senecionine, and

usaramine. Retronecic acid (from usaramine) would



account for the high m. p. of '"usaramoensenecic acid",
Finally, platynecic acid has not been found in
any of the syntheses and the only acild which would fit
Lts stereo~chemical structure is trans-(+)-diasenecic
acid., Furthermore, it would appear, as suggested
(24) o e :
by Leonard , that this acid could be a mixture of
integerrinecic acid and senecic acid rather than 2
pure chemical individual. Thils would explain more

satisfactorily the finding that platynecic acid and

senecic acid, after absorption of two atoms of hydrogen

catalytically, are convertible to the same satuirated
lactonic acid as obtained from integerrinecic zcid
lactone by catalytic hydrogenation. Platynecic
acid is probably senecic acid in the alkaloid
platyphylline.

The isomers of senecic acid are now all known

as shown on page 25.

24,



Isomers of Senecic Acid,

25,

Ri\ R?
© Co.H
2
o1 -~ N/
R™—CH ,C
. 2 N
r* RS
Rl R2 R3 R4 RS
'ACID MeCH=CT NO
CO,H
(+) senecic cis Me H OH Me| (XX)
(=) senecic cis H Me Me OH| (XXI)
(+) integerrinecic trans Me H OH Me| (XXII)
(=) integerrinecic trans H Me Me OH| (XXII)
(+) diasenecic cis Me H Me  OH| (XXIV)
(=) diasenecic cis 'H Me OH Me| (V)
(+) trans-diasenecic trans. Me H Me OH| (XXVI)
(-) trans-diasenecic trans H Me OH Me| (XXVII)




H CH, H

s H COOH OH
cn—d A
3
N,/ \
c—CH, CH,
HOOC
(Xx)

(+)-Senecic acid

CHy CH, H COOH OH
/ . \C‘// C//
NS \
chHZ CH4
- HOOC
(XX11)

(+)~Integerrinecic acid

26,

H H CH; OH COOH
CH— c/ “E/——’————\c’/
3 \ / -
C;—CHZ‘ 'CH3
HOCC
(XX1)

(~)=-Senecic actd

OH COOH

CH H CHy ,
/ . \’l ) \ /
H—C ¢ ————(
N/ \
C—CH, CH4
4
HOQC
(XX111)

(-)-Integerrinecic acid
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'H CH;, H OH COOH H H CH COOH  OH
CH C \3(::/ . é/ CH C/ \C',’ 3 ,//
H—C — CHz— ‘ C
N/ \ R N \,
o C—CH : .CH C—CH CH
HOQOC -~ HOOC
(XXIV) | (XXV)
(+)=Diasenecic acid ' (-)-Dtasenecic acid
CH3 CH3 ﬁ CH ,FOQH CH3 H §H3 -COCH CH
I | \ L \,I / \,/ \ I’
H—C c c H—C ¢ C
\ / A N \
Cf—-——CH2 CH3 C”---CH2 CH3
[ / |
(XXv1) (XXVII)
(+)=trans-Diasenecic acid (-)-trans-Diasenecic acid

Chart X. -~ The Absolute Configuration of Senecic Acid

and i{ts Isomers.
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to give retrorsine; m. p. 216 - 2170. Richardson and

Warren give m. p. 217°. Yield: .20 g.

2. HYDROLYSIS OF RETRORSIME

i

Retrorsine (10 g.) and hydrated barium hydroxide
(Ba(OH)Z.BHZO) dissolved in water (250 ml.) were refluxed
for 3 ~ 4 hours, Carbon dioxide was then passed into
the solution until all the barium carbonate was pre-
cipitated. After filtration the solution was evaporated
to dryness, and the solid continuously extracted with
ethanol (5 hours) in order to remove the base, The
remaining solid wes re-crystallised from water to give

barium isatinecate as a crystalline powder,

3. PREPARATION OF SCDIUM ISATINECATE FROM BARIUM

ISATINECATE

To & solution of barium isatinecate (8 g.), sodium
sulphate solution was added in excess. Sodium isafinecate
was formed and barium sulphate was precipitated. Efter
filtration the solution was evaporated to dryness under
reduced pressure to give crystalliine sodium isatinecate.

Yield: 5 g.

4. METHYLATICH OF SCODIUM ISATINECATE WITH METHYL IODIDE

Sodium isatinecate (1 g.) and methyl todide (1.6 g.)
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in absolute methanol (2 ml,) were heated for one hour
in a sealed tube in a water bath, The solution was
cooled, water added and extracted with ether., The etheral
layer was dried over anhydrous sodium sulphate and the ether
was evaporated off, leaving a small quantity of olly
substance which was distilled at 125%/ 0,01 mm. to give
methyl isatinecate as an oil. Yield: O.,1! g.
" Found: C, 55.1; H, 7.%.

o e W o
Calculated for C12H2006° C, 55.4; H, 7.8%.

5. PREPARATION OF DIMETHYL ISATINECATE USINKNG SILVER

ISATINECATE AND MNETHYL ICDIDE

Silver nitrate (20 g.) was added to a solution of
bartium isatinecate (20 g.), the whole was heated and
stirred on a water bath fof 15 minutes in the dark.

The preciplitzated silver isatinecate was filtered and
dried under reduced pressure. It was then refluxed with
methyl alcohol (10 ml.) and methyl iodide (13 g.) for
three hours during which a wnite precipitate of silver
fodide was formed, After filtration the precipitate
vwas washed with methanol. The filtrate was evaporated
to yleld an oilly substance, which on distillation gave

an olly product at 125 - 1300/ 0,01 mm,

Found: C, 54,5; H, 7.6%.

. . &
Calculated for C12H2006° C, 55.4; H, 7.8%.
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Thin layer chromatography using ethyl alcohol as
a developer on silica plates revealed six spots thus

indicating a mixture.

6. TRANS-ESTERIFICATION OF REZTRORSINE USING METHYL

ALCOHOL

The esterification was carried out following the

(15)

Reimer Downes method at room temperature, with a
modification as to the length of time taken over the
shaking and refluxing of certain stages of the mgthod.
Retrorsine (6 g.) in absolute methanol (60 mlL.) together
with potassium metal (0.08 g.) was shaken for thirty
minutes then refluxed for three to four hours. Methanolic
hydrochloric acid was added until the solution was neutral.
The solution was filtered and approximately four fifths

of the methanol removed under pressure. Iced water

(15 ml.) was added and the resultant mixture was
-thoroughly shaken out with ether, (4 x 75 mi. ). The
ether, dried over anhydrous sodium sulphate and filtered,
gave dimethyl isatinecate as an oil b, p. 135 = 136°/ 0,01 mm.
Found: C, 55.1; H, 7.%.

Calculated for C12H2006’ C, 55.4; H, 7.8%.
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7. OXIDATION OF DIMETHYL ISATINECATE USING SODIUM
PERICODATE

Dimethyl {satinecate (2 g.) was dissolved in a mixture
of dioxan (12 mi.) and water (4 ml.) at room temperature.
0.3M sodlum periodate (25.8 ml,) was added and after two
minutes water (20 ml.) was added immediately, the new
ketone formed was extracted with ether four times. The
ether together with smaller quantities of dioxan and
water were distilled off under reduced pressure to give
dimethyl 2-methyL—hex—3—ene-1-one-l,4—dicarboxyLate as
an otly liquid at 105 - 108°%/ 0.01 mm.  Yield: 1.2 g.
Found: C, 57.1; H, 7.2%,

Calculated for Ci11H1g05 €y 57.9; H, 7.1%.

E}{)éO +3.550. Therefore it was not racemised.

Addition of 2,4-dinitrophenylhydrazine to the oil in
ethanol formed a 2,%=dinitrophenylhydrazone derivative of
the keto ester as a dark brown oil which could not be
crystallised.

Found : C, 49.6; H, 5.6; N, 13.8%,

Calculated for C, H, N,Og: C, 50.0; H, 5.0; N, 13.1%,

8e REACTION OF OXIDISED DIMETHYL ISATINECATE WITH
METHYL-MAGNESIUM ICDIDE

The reaction was carried out using the apparatus shown

on page 44, The Grignard reagent was first prepared.



Methyl todide (1.7 ml.; 2.5 moles) was slowly
added to clean dry mesgnesium ribbon (0.7 g.: 2.5 atoms)
in distilled dry ether (20 ml,) at room temperature and
after the addition was completed the mixture was warmed
on a water bath, When all the magnesium ribbon had
been used up, the resultant mixture was added drop by
drop to a mixture of the keto ester (6.4 g.; ! mole)
in dry ether (20 ml.), This reaction was kept below
1OO. The new complex was decomposed by the addition
of cold water (40 mi.) with a little dilute hydrochloric
acid. The ether layer separated, and the agueous layer
was shaken with four lots of ether, The combined ether
lavers were dried over anhydrous sodium sulphate, and
shaken with a little sodium thiosulphate to remove any
{odine present, Evaporation of the ether produced an
oil which distitled at 115 - 125°/ 0,01 mm. Thin layer
plates of alumina with benzene and ethyl alcohol (96:4)

mixture as a developer revealed four spots,

9. CHROMATOGRAPHY QF THE ABOVE MIXTURE

A 3 cm. x 27 cm, column was prepared from neutrat
aluminium oxide (150 g.) ("CAMAGY M.F.C.) suspended in
dry benzene. To this was added the oily mixture (6 g.)
dissolved in a few drops of benzene, and a fLQW of

150 ml./ hour of benzene was maintained using air

33.
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pressure. Fraction (40 ml.) were collected, and after
560 ml. of benzene had passed ethyl acetate (100 ml, )
was introduced and finally ethyl alcohol (100 mL.).

Four bands were formed on the column.

The results obtained were as follows :-

Fraction mL, Material
1 -4 160 -

5 40 First band
6 40 -

7 40 Part of second band
8 4Q | Rest of second band
9 - 10 80 -

11 - 16 240 Third band

17 40 Part of fourth band

18 - 20 80 Rest of fourth band

20 40 -

Fraction 5 on evaporation ytelded a few milligrams of
brown oil which was discarded.

Fraction 7-8 on evaporation ylelded a clear oil.,
Found: C, 64.3; H, 8.9%,

Calculated for C,,Hy, Oz C, 59.0; H, 8. 3%.
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Fractions 11-16 on evaporation yielded dimethyl sinecate
as a clear otl. Eﬁ]go +0°% Yield: 5 g.
Found: C, 59.0; H, 8.5%.

Calculated for C ,H, O.: C, 59.0; H, 8. 3%.

Fractions 17-192 on evaporation yielded an oil.
Found: C, 56.5; H, 8.4%.

Calculated for C,,H, O.: C, 59,0; H, 8. 3%.

10, PREPARATION OF BARIUM SENECATE FROM DIMETHYL SENECATE
Dimethyl senecate (1,0 g.) was dissolved in methanol
(8 ml.) and was added to a solution of barium hydroxide
(2.8 g,) and it was refluxed for eight hours, Carbon
dioxide was passed into the hot solution and the barium
carbonate precipitated was filtered off. The solution

was evaporated to dryness and barium senecate was obtained.

Yield: 0,91 g.

11, HYDROLYSIS OF BARIUM SENECATE

Barium senecate (0.91 g.) was dissolved in water
(10 ml.) and passed through an ion exchange column
(Regenerated Amberlite Resin - I,R., - 120; column,
1.3 cm, x 4,0 cm. ). The aqueous solution was extracted with
ether five times. The ether was dried over anhydrous sodium
sulphate and evéporated to produce a gum, Crystallisation

from benzenc ylelded white crystals of senecic acid and



isomers, m, p. 135 - 147°,[4] go 0° (in ethanol)
Found : C, 55.6; H, 7.4%.

Calculated for Cyotl0s: €5 55.5; H, 7 « 5%.

12, SUBLIMATION OF SENECIC ACID AND ISOMERS

The mixture of senecic acid and its isomers was
sublimed at 110°/ 0,001 mm., for four hours. A gummy
deposit was obtained on the cold finger which was taken
up with benzene and the solution concentrated to yield
crystals, m. p, 135 - 147°,

Found: : C, 55.3; H, 7.5%.

Calculated for C, H, O.: C, 55.5; H, 70 5%,

The infra-red spectrum of this compound was the same
as the infra-red spectrum of the residue, as shown in

Appendix I, page 46.

13, OXIDATION COF SEMECIC ACID AND ISOMERS WITH LEAD

TETRA~ACETATE

Lead tetra-acetate (1.2 g.) was added to a solution
of senecic acid (0.5 g.) in dry benzene (100 mi.).  The

solution was warmed to SOO, and shaken for one hour.

36,

Excess oxidant was destroyed with ethylene glycol (2 drops)

the solution filtered and the benzene evaporated off.

The residue was dissolved in hot water, and diluted
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sulphuric acid was added. After rémoving the lead
sulphate formed by filtration, the solution was extracted
four times with ether, The ether dried over anhydrous
sodium sulphate was evaporated to yield (i)-S—methyL—z—
hepten-6~one-3-carboxylic acid. L&X] %O 0° (in absolute
alcohol).

Found: C, 64,2; H, 8,7%.
Calculated for CH, 05 C, 63.5; H, 8.3%.

The (4)-keto acid formed a 2,4-dinitrophenylhydrazone
derivative, m, p, 160 - 1610., from ethanol as brown

(4)

irregular crystals, Culvenor and Geilssman guote

m. p. 189 - 190°, for the 2,4-dinil trophenylhydrazone
derivative of (4)-cis-keto acid. The (4+)-keto acid was
heated for thirty minutes at 100° in concentrated
hydrochloric acid and recovered with ether after the
addition of water, The product was taken up in pentane
cooled to 0° and needles of (4)~trans-keto acid m. p. 49 -
50° weré obtained. The 2,4-dinitrophenylhydrazone crystals
obtained from ethanol melted at 135 - 137°, Purification
of the crystals by passing them through a small column

of neutral aluminium oxide suspended in ethanol yilelded

brovn crystals, m., p. 144 - 146°, (Culvenor and Geissman

quote m, p. 145 - 1460).



38.

14, ALCOHOLIC PQOTASSIUM HYDROXIDE HYDROLYSIS OF
RETRORSINE

To retrorsine (10 g.) dissolved in ethanol (80 mlL.)
was added solid potassium hydroxide (4 g.; 1.3 mol.) and
then boiled under reflux, Within five minutes crystals
separated and after ten minutes the content of the flask
was one mass of crystals. The crystals were filtered off,
thoroughly washed with ethanol and dried to yield potassium

retreonecate.

15, ISOLATION OF THE ACID

The potassium retronecate was dissolved in cold
water (20 mL.), the solution neutralised with 8N sulphuric
acid until just acid to congo red, and filtered. The
filtrate on evaporation gave crystals, which, washed

with water, yielded crystals of retronecic acid, m. p. 1810.

16, OXIDATION OF RETRONECIC ACID

A solution of sodium periodate (2.0 g.) in water
(10 ml.) was added to a solution of retronecic acid (2.0 g.)
in water (10 ml.), at room temperature. A few drops of
dilute hydrochloric aeid were added to bring the pH to
one, After two minutes the solution was extracted with

six lots of e&ther, The combined etheral extracts were
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dried over anhydrous sodium sulphate and the ether was
evaporated off to yield the keto acid as an oilly product
(1.85 g.),D“Jé9 +10.2° (in ethanol),

Found: C, 53.4; H, 7.1%.

Catcutated for CoH,,0.: C, 53.9; H, 6. 0%,

The 2,4~cinitrophenylhydrazine derivative of the keto
acid formed from ethanol red brown needles, m., p. 185°.
Found: C, 42.7; H, 4.9; N, 12.4%,

Calculated for C,.H, N,Oo: C, 43.3; H, 4.2; N, 14, Ox.

17. REACTION COF OXIDISED RETRCNECIC ACID WITH METHYL-

MAGNESIUM ICDIDE

The reaction was performed using the apparatus as
shown on page 44. The Grignard reagent was first
prepared,

Methyl todide (1.7 g.; 2.5 moles) was slowly added
to clean magnestium ribbon (0.3 g.; 2.5 moles) in
distilled dry ether (15 mL.) at room temperature, at
first, and later the mixture was warmed on a warm bath,
When all the magnesium ribbon was used up, the resultant
mixture was added drop by drop to the keto acid (1.0 g.;
1 mole) in dry ether (10 ml.),. This reaction was kept
below 100. On completion, the complex formed, was
decomposed by the addition of cold water (30 ml, ) and

diluted hydrochloric acid (2 - 3 mlL.). The ether layer



40,

separated out; and the aqueous layer was shaken with

four lots of ether, The combined ether lavers were
shaken with a little sodium sulphite to remove any iodine
present and were then dried bVer anhydrous sodium sulphate,
The ether was evaporated off to yield a light brown gum
After various attempts to crystallise the gum failed a
successful cfystatLiéatLon was obtained.by washihg:the

gum with ethyL acetate and evaporating off the ethyl
acetate extracts, These also ylelded a gum which was
readily SOKQbLe in a few drops of benzene, This solution
was added to light petroleum (b, p. 60 - 80°) (10 mi.)
and‘white needle like crystals of integerrinecic acid

(7)

were obtained m, p. 148° (Eropman and Warren quote

151°),81 29 415.8° (in ethanol).

Found: | C, 54.6; H, 7.5%.

it . . %
Calculated for C10H1605' C, 55.5; H, 7.5%.

The infra-red spectrum was identical as that of
“integerrinecic acid formed from senecic acid lactone,
as shown on Appendix II, page 47.

Mixed melting point with integerrinecic acid was 1500.

Attempts to crystallise the residual gum with several

solvents failed,
Found: C, 54.4; H, 7.2%,

. c ¢, 7
Calculated for C10H1605° C, §5.5; H, 7.5%.
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.18, OXIDATION OF RETRCRSINE

A solution of retrorsine (4 g.) tn dilute
hydrochloric acid (20 ml.,) was neutralized with sodium
hydroxide and mixed with sodium metaperiodate (4 g.)

in water (24 ml.) at room temperature. After one
minute excess periodate was destroyed by adding ethylene
glycol (1,2 ml.). 2N hydrochloric acid (8 mlL.) was
added and the solution was kept, at room tempergture,
for three hours. The pH was then adjusted to eight
with a éaturated solution of disodium hydrogen phosphate,
and immediately extracted with four lots of chloroform.
The combined extracts were dried for a few minutes and
the chloroform was removed at room temperature under
reduced pressure, to yield an oilly residue which
crystallised on rubbing with a few drops of ether.

Yield 3 g.

19, REACTION CF CYCLIC KETO ESTERS WITH METHYL-
MAGNESIUM IODIDE
The reaction was carried out using the apparatus
shown on page 44. The Grignard reagent was first

prepared.

Methyl todide (2.0 ml.: 3 moles) was slowly

added to clean dry magnesium ribbon (0,68 ge; 3 moles)
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in distilled dry ether (20 ml.) at room temperature,
and after the addition was completed the mixture was
warmed on a water bath, When all the magnesium
ribbon had been used up, the resultant mixture was
added drop by drop.to a mixture of the cvelic kcto
ester (3 g.; 1 mole) in dry ether (20 ml.). During
the course of the reaction which was kept weLLAbeLow
100, a yellow resinoﬁs deposit was also formed. The
new complex was decomposed by the addition of cold water
(401 ml.) with a little dilute hydrochloric acid. The
ether layer which separated was washed with a little
dilute hydrochloric a¢id (5 ml.,), and the combined
aqueous Llayers were washed with ether, basified with
ammonia and extracted With six lots of chloroform,
The combined extracts were dried and concentrated under

reduced pressure to yiteld a gum. Yield 1 g.

20, CHROMATOGRAPHY

Al cm, x 18 cm., column was prepared from
neutral aluminium oxide (25 g.)("CAMAG" M,F.C.)
suspended in ethyl acetate. To this was added thev
gum (1 g.) dissolved in ethyl acetate (2 ml.) and a
flow of 150 mt./ hour of ethyl acetate was maintained,

Fractions (8 mlL.) were collected, and after 104 ml.

of ethyl acetate had passed, ethyl alcohol (50 mlL,)
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was introduced and finally water (50 mi,)

The results obtained were as follows:-

Fraction ml, Material

1 -2 16 -

3 8 Part of first band
4 8 Rest of first band
5 -7 24 -

8 8 Second band

9 ~ 13 40 -

14 8 Part of third band
15 8 " Rest of third band
16 - 25 108 -

Fractions 3-4 on evaporation ylelded a few milligrams

| of brown oil.

Fraction 8 on evaporation yielded a couple of milligrams

of brownish otl.

Fractions 14-15 on evaporation ylelded a gum, which gave
crystals of senecionine, on adding a few
drops of ethyl acetate, m. p. 230 (decomp)
[?6130—50,30 (in ethanol). The infra-red
spectrum of this comoound was similar to
the spectrum of senecionine (see Appendix V,
page 50).

Found: C, 62.1; H, 8.3; N, 3,9%,

Calculated for CygH,ON: C, 64.5; H, 7.5; N, 4.2%.



21. THE GRIGNARD APPAPATUS

The Grignard reactions were carried out using the
apparatus shown on Fig.I, page 45, The Grignard
reagent was first prepared in flask (D) having first
closed taps (A) and (C). Tap (A) was opened until
a complete vacuum was obtained in section (B). Tap
(A) was closed and tap (C) was opened. The Grignard
reagent passed into section (B) and tap (C) was closed.
Section (B) was then detached from flask (D) and
attached to flask (E) which contained a solution
of the ketone in dry ether, The Grignard solution
from section (B) was then passed into flask (E) drop

by drop.

44,
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To vacuum pump

Fig. 1. APPA’;’R_ATUS USED FCR THE GRIGNARD" REACTICNS
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